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($4) A tissue adhesive and a moth od of 
producing the same 

(67) A tissue adhesive based on hu- 
man or animal proteins contains factor 

XII I, fibrinogen and an antibiotic in 
order to achieve a high straining capac- 
ity of the adherence* and a retarded 
antimicrobial ef ficacy, the ratio of factor 

XIII to fibrinogen, expressed in units of 
factor XIII pergrum of fibrinogen, 
amounts to at least $00. The antibiotic is 
chosen among aminoglycosides, beta* 
lactams, polypeptides or tetracy* 
dines, in a method of producing the 
tissue adhesivo the concentration ratio 
of factor Xfl 1 to fibrinogen h adjusted in 
a fibrinogon-corualning blood plasma 
fraction by the addition of factor XI II . 
The antibiotic is added either before 
deepfreezing or iyophll Nation of the 
resulting preparation, or after thawing 
or roconstitution of the same, 
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SPECIFICATION 

Improvements In or relating to a tissue adhesive and a method of producing the same 

5 The invention relates to a tissue adhesive based on human or animal proteins, containing factor XIII 5 

fibrinogen a nd an antibiotic, as well as to a method of producing the same. 
From British Patent application No. 6003775 and British patent application No. 8003776 methods ere 

already known for producing a tissue adhesive containing fibrinogen and factor XIII, in which certain ^ 

concentration ratios of factor XIM to fibrinogen and, if desired, albumin ate adjusted, and the preparations ^-v 
to are deepfrozen or lyophiliied. These preparations basically exhibited satisfactory properties, i A. a high 10 K^J 

straining capacity of the adherence* and a good absorbabairy; however, it Is desirable to improve these /\ 

preperat tons with a view to an antimicrobial efficacy, 
To be sure, it hasalready been proposed in U.S. patent No. 2,533,004 as well as by Felling er et aL in the | ■ i 

journal ^OerTul>erkuloseam'M^11 < 1S52Hoodd antibiotics to fibrinogen solutions and to use them as i 
1 5 wound adhesive*, yet these solutions to be prepared directly at the beside do not gfve the fibrin clots formed 15 

therefrom a sufficient durability and straining capacity. 
Furthermore, it is known from the work by Bosch et al„ Archiv fo> orthopadischo und Unfall-Chlrurgle, Vol. 

go { 1 $77), pages €3 to 75, to apply * fibri n adhesive system for filling bone defects in connection with bone 

transplants, with the fibrin forming at the chosen site immediately at the bone cavity by the addition of 
20 thrombin to a fibrinogen solution. As required, commonly available combination preparations of pulverised 20 

neomycin were added. 

Finally, It was proposed according to the PCT application No. 80/00083 to pr^m a fibrinogen antibiotic 
gel wherein a mixture of oryopredpitate with tobramycin and gentamidn as antibiotics to be prepared at the 
bedside is used. 

25 According to experiments carried out by Applicant It was found mat the described and known tissue 26 
adhesive* that contain fibrinogen, factor XM and antibiotic do not possess the desired combination of 
properties, U. a high straining capacity of the adherences and an antimicrobial efficacy, but that an adverse 
interaction between th© antibiotics and factor Xltl takes place, which results in a strong decrease of the 
cross-linking ability of fibrinogen and a negative effect on the coagulability. Consequently, the adhesive 
30 exhibits a poorer rigidity and adhering capacity on the wound an d tissue surfaces. 30 
A further disadvantage of the known preparations resides in that the release of the antibiotic to the tissue 
takes place too quickly so that the retardation of the antibiotic does not suffice to ba effective over a longer 
period of time and to achieve a high active substance release. 
The Invention aims at avoiding these disadvantages and difficulties and has as its object to provide a 
35 tissue adhesive of human or animal origin that meets the above-mentioned combination of properties and 35 
guarantees an Improved efficacy of th© antibiotic 

The set object Ssechieved with a tissue adhesive of the initially defined kind in that the ratio of factor XIII to 
fibrinogen, expressed in units of factor XIII per gram of fibrinogen, amounts to at least 600 and that an 
antibiotic selected from the group consisting of amlnofjlucosides, betatactams, polypeptides and 
40 tetracyclines is contained therein. M 4(5 

Advantageously, factor XIII is contained In a decpffosen tissue adhesive in an amount of at least 40 

unttsftnl Jt _ . . „ . 

According to another embodiment at least 33 % of fibrinogen is contained In a lyophifeed tissue adhesive, 
factor XIII bang present in an amount of at least 170 units/g of tyophifteate. 
45 Suitably, a plasmin Inhibitor or piasmmogcn*activator inhibitor selected from thegroup consisting of 45 
aprotinin, arantiplasrnin, «r^ecrogiobulm, (^antitrypsin, e^mfnocaproicadd and tranexamic add is 
additionally contained. 

Advantageously, tho tissue adhesive is a two-component preparation, factor XIII, fibrinogen and the 
pinsmin inhibitor or plasm! nog ervattivetor inhibitor being contained in the first component and the 

SO antibiotic, thrombin and bivalent calcium being contained in the second component 80 
Preferably, the antibiotic Is contained In tteform of a hardly soluble derivative. A variant of this 
embodiment consists in that in addition to the hardly soluble derivative, also an easily soluble one is used, if 
desired distributed in the two components of the tissue adhesive. This embodiment has the advantage that 
the easily soluble derivative ta released quicfcly. thus ensuring a high Initial efficacy, whereas the hardly 

55 solute derivative causes a lasting efficacy. 55 
Moreover, the invention comprises a method of producing the tissue adhesive wim a modification 
consisting In that a concentration ratio of factor XIII to fibrinogen, expressed In units of factor Xtll/g of 
fibrinogen, of at least S00 is adjusted in a fibrinogon«ontaimng blood plasma fraction by the addition of 
factor XM, whereupon the antibiotic is added and the preparation is dcepf rozen or lyophilfeed. 

60 According to another modification a concentration ratio of factor XIII to fibrinogen, expressed in units of 60 
factor Xlll/g of fibrinogen, of at least 500 is adjusted in a fibrinogen-conta Jnlng blood plasma fraction by the 
addition of factor XIII, whereupon the preparation is deepfrozen or lyophi Iliad and, after thawing or 
reconstitution, is combined with an antibiotic-containing solution. With this embodiment the antibiotic may 
be added after thawing or to the reconstituted solution. However, with these embodiments it has to be taken 

63 care that the concentration of factor XIII does not fail belowa minimum concentration; It is to be above 40 OS 
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According to preferred embodiment in which the fibri nog en-containing blood plasma fraction is washed 
with a buffer solution, the washing procedure is carried out until a factor XIII concentration of 200 units of 
factor XHVg of fibrinogen Is reached, wbereu pen factor XM is supplied in on amount of at toast 300 unrts/o. of 
S fibrinogen in the form of a concentrate of h/ophifisato. 5 

The tissue adftosivo according to tho invention and the method of producing the same will be explained in 
more detail by way of the foil owing examples. 

Example 1: 

10 Cryoprecipitate {100 g) was gained from frozen fresh human plasma by heating to 2* C, separated by 10 
centrtfogation and washed twice in a buffer solution containing Na 3 citrate. NaC1, glycine, gfucose, eprotinin 
and heparin era pH of 6.5. and tho separated precipitate was dissolved in a glycme-oontairung buiicr 
solution (255 ml> at a pH of 7.9. It was found that a ratio of factor XIII to fibrinogen of 226 units of factor Xill/g 
of fibrinogen was contained in this solution, To adjust the ratio desired according to the invention, of more 

IS then 500 U/g of fibrinogen, a pulverized factor XIQ prepamtlonwith9,000unitswasaddedtothesolution.the ts 
concentration ratio of the solution thus having been increased to 826 units of factor XSII/g of fibrinogen. This 
solution was sterile-filtered; then 1.7g of gentamicin were added under sterile conditions, the mixture was 
filled Into final containers (2.5 mf) f deepfrozen and lyophifizad. 

20 Example 2: 20 
The preparation of the tissue adhesive basis from cryoprecipiuuo was effected in tho sarno manner as in 

Example 1. with the difference that the precipitation was liquefied by healing to 37* C after a single washing. 

and 13,600 units of pulverized facter XIII wer^ added. A ratio of factor XIII to fibrinogen of 987 factor XI II 

untog of fibrinogen was obtained* 
2$ $.67 g 7^lthNmyl)^)«acetamldo!<ephalospOfanit add were added to the solution as an antibiotic The 25 

suspension thus obtained was filled into final containers (1 mil and deepfroien. The tHlednn preparation has 

0 content of factor XIII amounting to 87 IMml 
Ifiho application of tho tissue adhesive* ptepBTBtH according to Examples 1 and 2 adventageousfy is realized 

by mixing the thawed or reconstituted mixture with thrombin and calcium chloride and applying It onto the 
30 tissue to be connected. It is arsopossibls to apply the two components separately onto the tissue tube 30 

connected or filled. 



Example 3: 

The method according to Example 1 was repeated except for adding the antibiotic The washed 
35 precipitate, after dissolving in a butter solution, was stcriM irtcrod, filled into final containers 1 2,5 mil, 3$ 
deepfrozen and iyophil feed, the first component o f the tissue adhesive according to the i nventkm thus 
having been made storable. The second component was ptcp^tcd prior to application from a solution of 
thrombin and calcium chloride by adding 7«|flhteny!M2^acetamidol<ephafospcranrc acid (30 mgftnlh 

40 Ex&mpf&4: 40 
The procedure according to Example 2 was repeated, wherein g entamici n 1 1 .89 g I was added after 
dissolving the cryoprectpitste, the solution was filled into final containers 11 ml} and deepf ro2en. Thus, the 
first component of the adhesive according to the invention is present in a storabie form. The second 
component containing 30 mg of 74(fhienyl)-2(2)-acctamidoJ-cephalosporanic acid per ml of a calcium 
45 chloride thrombin solution was prepared prior to application. 45 
Instead of tho aprotfnin added in accordance with Examples t to 4. one or more of tho following 
compounds may be used as plasmm inhibitor or plasminogen-actrVator inhibitor: <i r 8ntiplasmin, 
a r macrog1obulin, a r Bntitrypstn, f-eminocaproic aad and trsnexamic acid. 
The tissue adhesive* prepared according to the invention are generally applicable for die seamless 
50 connection of human of animal tissue or organ parts, to dress wounds and stop bleedings, their SO 
antimicrobial efficacy being substantially improved. 

The improved adhesive properties with an equally improved antimicrobial efficacy of the tissue adhoslves 
according to the invention can be taken from the following comparative examples summarized In a tabto; the 
deg ree of crosslink) ng of tissue adhesives according to the invention with an increased factor Xflltfibrinogen 
55 ratio was com pa red to the crosslink ng degree of known tissue adhesive* without an increased factor 55 
Xlll/flbrlnogen ratio, using different antibiotics for each case. The a-crossHnkmg degree has been determined 
according to tho sodiumlaurytsulfato (SOSI polyacrylamida gel electrophoresis method, which is carried out 
in a manner that after having mixed the tissue adhesive with an equal volume of a solution containing 40 
uMol CaCI* and 1 5 N1H units U.S. National tnstttuto of Health units) of thrombin per ml. the mixture Is 
$0 incubated at 37* C. The o«crosslin king degree is determined after stopping the reaction and reductive 60 
cleavage of the disulfide bridges contained in the proteins, by the addition of a mixture of urea, 
sodiumdodecylsulfate and ^-mercaploethsnoi by means of gel electrophoresis. 

tn a further part of the table the clot rigidity of a tissue ed hesive according to the Invention was compared 
to a known one in a thrombeiastograph, with gentamicin having been added as antibiotic. 
65 finally, iho toblo include!) comparative values of the tearing resistance of a tissue adhesive according to 65 
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the invention and of a known one, with gcntamidn being used as on antibiotic 



Rbrin a^ossfinMng (at 3TC aftor 60 mm.) 



10 



15 



Addition of 
antibiotic 



Oentamidn 

Neomycin 

Fosfomydn 

Axlodiiin 

Doxycyciin 

Cefoxitin 



Tissue adhesive of in- 
vention with increased 
factor XIII content 
> 500 U/g fibrinogen 

70% 
61% 
47% 
60% 
65% 
54% 



Tissue adhesive 
without increased 
factor XI 11 content 



30% 
21% 
24% 
42% 
28% 
44% 



Clot rigidity in thrornbelastogrsph 
13TC-60 mfrU t » elasticity module 

Gentamidn 1150 
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Teari* esistancoingtem' 
(37*t-J0mJn.) 

Gentamicln 



1283 



426 



993 
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25 Finally, a comparative example was carried out with respect to the antibiotics release of a tissue adhesive 
prepared according to Example 4, 85 % of gentamicin having been released from a clot produced by this 
tissue adhesive already after 72 hours in an in vitro test. After SG hou rs a release of gentamicin was not 
recognised any mora, while 74{thienyl^^ *dd was «■« detectable even after 8 

days. 

30 

CLAIMS 

1. A deepfrosen or lyophlKzed tissue adhesive based on human or animal proteins which comprises 
factor XIII, fibrinogen and an antibiotic wherein the ratio of factor XIII to fibrinogen, expressed m u nits of 

35 factor Xlfl per gram of fibrinogen* amounts to at least 500, and said antibiotic isselected from the group 
consisting of ami nog luca^idas, beta lactams, ^ 

2. A dcep&ozcn tissue adhesive asset forth in claim 1, wherein factor Xttl is contained in an amount of at 

*A ^^Oized tissue adhesive as set forth in claim 1, wherein at least 33 % by weight of fibrinog en is 
40 contained, factor XIII being present in an amount of at least 170 units/gram of ryophiiisate- 

4, A tissue adhesive as set forth In claim 1 # further comprising a plasmln inhibitor or plasminogen* 
activator inhibitor selectedfrom the group consisting of aprotlnin, ar*ntiplasmia o r macrogiobulin, 
ai-antitrypsi n, t*a minocaproic acid and tranexamic acid* 
S A tissue adhesive asset forth In claim 1, comprising a first oomponentand a second component, said 
4S first component containing factor XIII and fibrinogen and said second component containing said antibiotic, 
thrombin and bivalent calcium. t ^ 

6. A tissue adhesive as set forth in claim 4, comprising a first component and a second component, saw 
first component containing factor Xla\ fibrinogen and said plasmln Inhibitor or piasmlrtogen^vator 
inhibitor and said second component containing said antibiotic, thrombin and bivalent calcium. 
50 7, A tissue adheslvo as sat forth In claim 1, wherein said antibiotic is present In the form of a hardly 

soluble derivative. , _ . . , , 

8. A method of producing a tissue adhesive based on human or animal proteins arid comprising factor 

Xlli fibrinogen, a plasmin inhibitor or piasmlnogen^cUvator Inhibitor, and an antibiotic selected from the 

gtoup consisting of eminoglucosldes, betelactams, polypeptides and tetracyclines, which method comprises 
5S the steps of adjusting In afibrinogervcontoinlng blood plasma fraction a concentration ratio of factor XIII to 

fibrinogen, expressed in units of factor XI Wgram of fibrinogen, of at least 500 by adding factor XtlL adding 

said antibiotic and deepfreezing or fyophlfoing the resulting preparation. 
9 Arnethodof producing a tissue adhesive based on human or animal proteins and compnsing factor 

mfjbrfnogert,ap3aOTininh^ _ 
60 group consisting of amlnoglucosldes, betalactams, polypeptides and tetracyclines, which method comprises 60 

the steps of 

adjusting In a fibrinogen-contelnlng blood plasma fraction a concentration ratio of factor XIII to fibrinogen, 
expressed In u nits of factor XI Wg ram of fibrinogen, of at least 500 by add! ng factor Xlll, 
deepfreezing or fyophil Wng the resulting preparation, 
65 thawing or reconstituting the preparation, and 09 
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combining the preparation with a solution containing said cntibtoiic 

10. A method as sot forth in claim 8 or 9, further comprising washing said fibrinogen-containlng blood 
plasma fraction with e buffer solution In a washing procedure, and wherein said washing procedure Is 
carried out until a factor Xlll concentration of 200 units of factor XMgrem of fibrinogen is reached, 

5 whereupon factor XIIHs added In on amount of at leasts unl&'grom of fibrinogen in tho form of a 5 
concentrate or ryophilisato. 

11. Missus adhesive substantially as hereinbefore described with reference to the accompanying 
examples. 

12. A method substantially as hereinbefore described with reference to tho accompanying examples. 
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